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TRAJECTORY PARAMETERS FOR AS-504-TYPE MISSIONS 

VOLUME I - EARTH PARKING ORBIT PHASE 

By Edward M. Jiongo 

SUMMARY AND INTRODUCTION 

A study t o  provide information required primarily fo r  t he  f l i g h t  
cont ro l  and f l i g h t  crew personnel t o  support an AS-50k-type mission for  
any launch opportunity during a monthly launch window i s  being made. 

Volume I provides f igures  of t r a j e c t o r y  parameters descr ibing the  
ear th  parking o r b i t  phase. 
conditions,  t h e  coast  i n  ear th  parking o r b i t ,  and radar  t racking from 
ear th  o r b i t  i n se r t ion  t o  4.5 hours a f t e r  l i f t - o f f .  The d s t a  i s  independent 
of launch date and i s  presented as a function of launch azimuth. 
i n  ear th  parking o r b i t  w a s  not simulated. 
t h e  t r a j ec to ry ,  it i s  not expected t o  cha,nge the  data  ?resented 
s ign i f i can t ly .  
t h e  study i s  not associated with any spec i f ic  launch opportunity and 
t h e  time spent i n  ea r th  shadow i s  dependent upon the pos i t ion  of t h e  
sun, ear th ,  and the  moon a t  t h e  time of launch. 
information now ava i lab le  i s  contained i n  reference 1 . )  

It describes t h e  S-IVB ear th  o rb i t  inser t ion  

Venting 
While venting w i l l  per turb 

Spacecraft time i n  ear th  shadow w a s  not included s ince 

(The l a t e s t  shadow 
I 

-i%J i> 
-Bi+ee addi t iona l  volumes w i l l  be published. . Volume I1 w i l l  describe 

i n  d e t a i l  each phase of t h e  first lunar  mission i n  the  monthly launch 
window. The cha rac t e r i s t i c s  of each phase w i l l  be common t o  the  same 
phase f o r  any launch opportunity i n  the  monthly window. 
w i l l  present de t a i l ed  time h i s t o r i e s  of a l l  per t inent  t r a j ec to ry  
parameters. 
AS-504 Preliminary Spacecraft Reference Trajectory ( r e f ,  2 ) .  

Only Volume I1 

- The information w i l l  be i n  similar -format t o  t h a t  i n  t h e  

, 

Because of s ign i f i can t  changes i n  t h e  mission p r o f i l e  r e su l t i ng  
from a change i n  launch da te  from one day t o  t h e  next,  Volume I11 w i l l  
summarize a mission f o r  t he  first in jec t ion  opportuntty of each launch 
day i n  the  monthly window. The information w i l l  be l e s s  de t a i l ed  than 
t h a t  i n  Volume 11, but t h e  format w i l l  a l s o  be similar t o  t h a t  i n  
reference 2. ~ 

w i l l  summarize how per t inent  t r a j ec to ry  parameters vary 
It w i l l  present the  var ia t ion  of throughout each da i ly  launch window, 

mission parameters with launch azimuth fo r  each launch date  i n  t h e  window. 
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DISCUSSION OF FIGURES 

S-IVB Earth Orbit  Inser t ion  Conditions 

The ear th  parking o r b i t  i n se r t ion  conditions a re  summarized i n  
t a b l e  I ( r e f .  3 and 4)  and f igures  1 and 2. 
inser t ion  conditions obtained from Marshal Space F l ight  Center used t o  
generate t h e  ground t racks  shown i n  f igures  3 and 4. 
parameters, such as t ime, l a t i t u d e ,  and longitude, a r e  shown as a function 
of launch azimuth. 
goo, 9 6 O ,  102O, and 108O shown i n  t a b l e  I ,  r e f e r  t o  f igure  1. 
i n  t h e  f igure  w a s  obtained by a l e a s t  squares curve fit of t h e  da ta  i n  
t ab le  I. 
7 8 O ,  84", goo, 9 6 O ,  1 0 2 O ,  and 108O from ear th  o r b i t  i n se r t ion  t o  3 minutes 
pas t  ea r th  o rb i t  inser t ion .  Total  t racking time from inse r t ion  fo r  land 
s t a t ions  and various ships  may be compared i n  f igure  2 ( b ) .  

Table I shows t h e  ac tua l  

The various 

For launch azimuths other than t h e  72O, 7 8 O ,  8 4 O ,  
The da ta  

Figure 2(a) shows t h e  groundtracks f o r  launch azimuth of 72O, 

Earth Parking Orbit Phase 

The ear th  parking o r b i t  phase i s  summarized i n  f igures  3, 4 ,  and 5. I 
It was  generated using t h e  ARMF' program ( r e f .  5'). Figure 3 (a )  through i 
( c )  shows t h e  groundtrack 
72O, 78O, 8 4 O ,  goo ,  96O, 102O, and 108O with 100-n. m i .  , 5O-tracking 
c i r c l e s  included. Figure 3( a )  shows t h e  groundtracks f o r  t he  aforementioned 
launch azimuth f o r  t h e  f i r s t  revolut ion;  f igure  3 ( b ) ,  t h e  second revolut ion;  
and f igure  3 ( c ) ,  t h e  t h i r d  revolution. 
t h e  present range sa fe ty  r e s t r i c i t o n s  of 72O through 108~. 
azimuths between 72' through 108O, other  than those spec i f i ca l ly  shown, 
a l i n e a r  in te rpola t ion  can be performed. Figure 4(a) through ( c )  i s  
i d e n t i c a l  t o  f igure  3 (a )  through ( c )  except t h a t  it i s  on a 180°-t~-1800 
map t o  allow more d e t a i l  and c l a r i t y  i f  t h e  region of i n t e r e s t  i s  near 
90' E or 90' W longitude. For more de ta i l ed  groundtracks and t rans lunar  
in jec t ion  burn contours, see reference 6. 

on a 90°-to-900 map f o r  launch azimuths of 

The launch azimuth spread covers 
For launch 

Figure 5 shows l a t i t u d e  i n  ear th  parking o r b i t  as a function of 
g .e . t .  Since t h e  approximate l a t i t u d e  of i gn i t i on  of a t rans lunar  
i n j ec t ion  burn i s  t h e  negative of t he  moon's decl inat ion a t  time of 
pericynthion passage, f igure  5 provides a close approximation of t he  time 
of coast i n  ear th  parking o r b i t  f o r  a proposed lunar  mission. 

Radar Tracking Information for Earth Parking Orbit 

The radar  t racking da ta  i s  summarized i n  t a b l e  11, and f igures  5 
through 24. 
l ists  t h e  avai lable  land-based radar s t a t i o n s ,  t h e i r  t h ree  l e t t e r  code 
names, and t h e i r  geodetic loca t ion  ( r e f .  7 ) .  

This da ta  w a s  a l so  generated using t h e  ARMP program. Table I1 

Tracking ships were not 

. 

, 

. . .  .. . .  
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included as t h e i r  loca t ions  depend almost e n t i r e l y  on a spec i f i c  mission 
and launch da te .  

Figure 5 shows which s t a t i o n  w i l l  be  t racking ,  durat ion of pass ,  
and t racking  overlap f o r  t h e  m a x i m u m  ea r th  parkzng o r b i t  coast  t i m e  
of 4.5 hr .  It gives a 'complete h i s to ry  f o r  t h e  launch azimuth from 
72' through 108O i n  increments of 2'. 

Indiv idua l  s t a t i o n  h i s t c r i e s  a r e  shown i n  f igures  6 through 24. A s  
a t y p i c a l  example, f igure  11 provides a de t a i l ed  h i s to ry  fo r  Carnarvon. 
Figure l l ( a )  shows g . e . t .  f o r  3' elevat ion a t  acquis i t ion  and termination 
versus launch azimuth f o r  each revolut ion t h a t  the  s t a t i o n  t r acks .  
Figure U ( b )  shows duration of pass above 3' e leva t ion  versus launch 
azimuth. Figure l l ( c )  shows azimuth of acquis i t ion  at Oo e leva t ion  versus 
launch azimuth f o r  each revolut ion the  s t a t i o n  t racks .  By showing azimuth 
of acqu i s i t i on  at Oo e leva t ion  a radar  s t a t i o n  can lock-on the  spaxecraf t  
at t h e  e a r l i e s t  opportunity,  although t h e  data nay not be usable u n t i l  
soae minimum e leva t ion ,  such as 3' i s  obtained. The time of acquis i t ion  
f o r  t h e  0' lock-on w i l l  always be approximately 1.5 t o  20 seconds previous 
t o  the  time of acqu i s i t i on  shown i n  f igu res  6 ( a )  through 24(a) .  

, 

\ 
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(a) Time of earth orbit insertion as a function of launch azimuth. 

Figure 1 .- Earth orbit insertion conditions. 
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Figure 1. - Continued. 
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Figure 7.- Antigua radar tracking information for the first three revolutions as a 
function of launch azimuth. 
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Figure 10.- Canberra radar tracking information for the first three revolutions as a function 
of launch azimuth. 
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(b) Earth-orbit total tracking time above 3-degree elevation. 

Figure 10.- Continued. 
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(a) Ground elapsed time for 3-degree elevation acquisition and loss. 

Figure 11.- Carnarvon radar tracking information for the first three revolutions as a function of 
launch azimuth. 
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Figure 16.- Grand Turk Island radar tracking information for the first three revolutions as 
a function of launch azimuth. 
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Figure 17.- Guam radar tracking information for the first three revolutions as a function 
' I  of launch azimuth. 
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(6) Earth orbit total tracking time above 3-degree elevation. 

Figure 17.- Continued. 
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(a) Ground elapsed time for 3-degree elevation acquisition and loss. 

Figure 18.- Guavas radar tracking information for the first three revolutions as a function 
of launch azimuth. 
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Figure 18.- Continued. 
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Figure 19.- Hawaii radar tracking information for the first three revolutions as a function 
of launch azimuth. 
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Figure 19.- Continued. 
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Figure 19. - Concluded. 
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(a) Ground elapsed time for 3-degree elevation acquisition and loss. 

Figure 20.- Merritt Island radar tracking information for the first three revolutions as a function 
of  launch azimuth. 
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(b) Earth orbit total tracking time above 3-degree elevation. 

Figure 20.- Continued. 
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(a) Ground elapsed time for 3-degree elevation acquisition and loss. 

Figure 21.- Patrick radar tracking information for the first three revolutions as a function 
I of launch azimuth. 
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Figure 21.- Co-'!nued. 
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(a) Ground elapsed time for 3-degree elevation acquisition and loss. 

Figure 22.- Pretoria radar tracking information for the first three revolutions as a function 
of launch azimuth. 
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Figure 22.- Continued. 
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(c) Azimuth of acquisition for 0-degree elevation. 

Figure 22.- Concluded. 
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[a) Ground elapsed time for 3-degree elevation acquisition and loss. 

Figure 23.- Texas radar tracking information for the first three revolutions as a function 
of launch azimuth. 
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(b) Earth orbit total tracking time above 3-degree elevation. 

Figure 23.- Continued. 
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Figure 23.- Concluded. 
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(a) Ground elapsed time for 3-degree elevation acquisition and loss. 

Figure 24.- White Sands radar tracking information for the first three revolutions as a function 
. of launch azimuth. 
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Figure 24.- Continued. 
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Figure 24.- Concluded. 
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